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ON-VEHICLE CONTROL SYSTEM
EQUIPPED WITH ACTUATOR DRIVEN
BASED ON TARGET VALUE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims the benefit of
priority from earlier Japanese Patent Application No. 2010-
290599 filed Dec. 27, 2010, the description of which is incor-
porated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to an on-vehicle control sys-
tem, and in particular, to an on-vehicle control system
equipped with an actuator driven based on a target value.

2. Related Art

An electronic device for a vehicle disclosed in a patent
document JP-A-H05-085228, for example, includes various
elements to realize a driver’s desire in the vehicle. Practically,
a first element outputs the driver’s desire (or driver’s inten-
tion) according to the driver’s manipulation of the accelerator
pedal or the brake pedal (manipulated variable of the accel-
erator pedal or the brake pedal). A second element outputs a
target value of the state quantity of the vehicle (e.g. target
acceleration) in conformity with the driver’ desire. A third
element outputs a control value for each of actuators (engine
and transmission) in conformity with the outputted target
value of the state quantity. Fourth and fifth elements control
the actuators according to the outputted control values.

In the technique disclosed in the above patent document,
the second element only determines and outputs a target value
(e.g., target acceleration) of the state quantity of the vehicle to
realize the user’s desire. Accordingly, the second element can
be designed irrespective of the configuration or the ability of
each actuator installed in the vehicle. In this case, the second
element can be commonly used irrespective of the type of the
vehicle it is installed in. On the other hand, regarding the third
to fifth elements, different models may be used depending on
the type of the vehicle these elements are installed in.

With this configuration, however, the target value output-
ted by the second element may not necessarily be realized by
the actuators, depending on the configuration and the ability
of each actuator.

SUMMARY

Under the condition as set forth above, it is thus desired, in
an on-vehicle control system having an element that outputs
a target value of a state quantity of the vehicle to realize the
user’s desire (i.e., user’s intention) and an element that out-
puts a control value for each actuator to realize the target
value, to reduce the probability that the element for outputting
a target value should output a target value that cannot be
realized by each actuator.

An exemplary embodiment provides a control system
mounted in a vehicle equipped with at least one of a sensor
and a user’s input device and a first actuator controlled based
on a signal from at least one of the sensor and user’s input
device, first output means for outputting information indica-
tive of a user’s desire (user’s intention) depending on the
signal from at least one of the sensor and user’s input device;
second output means for outputting a target value of a first
state quantity for travel of the vehicle, the target value of the
first state quantity being for realizing control of in-vehicle
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2

environment in accordance with the information from the first
output means: third output means for outputting a command
value for controlling the first actuator, the command value
being for realizing the target value of the first state quantity
outputted from the second output means; and first control
means for controlling the first actuator based on the command
value outputted from the third output means. The third output
means is configured to specify a controllable range for the
first state quantity depending on a capability of the first actua-
tor, and output the specified controllable range to the second
output means, and the second output means is configured to
calculate the target value of the first state quantity such that
the target value falls into the controllable range outputted
from the third output means.

Thus, the third output means defines the controllable range
of a state quantity of the vehicle, which is suitable for the
ability of the actuator and outputs the defined controllable
range to the second output means. Then, the second output
means calculates a target value of the state quantity so as to
fall within the controllable range of the state quantity. There-
fore, the probability for the second output means to output
target values that cannot be realized by the actuator is
reduced. Such unrealizable target values would otherwise
have been outputted to the third output means, due to the
silence of the third output means about the specific structural
varieties of the actuator.

It is preferred that the control system includes a first ECU
(electronic control unit) and a second ECU communicable
with the first ECU, wherein the first ECU functionally
includes the first output means, and the second ECU func-
tionally includes the second and third output means and the
first control means.

This configuration facilitates the change of a sensor or a
control input device for indicating a user’s desire. Various
devices can be appropriately used as the sensor or the control
input device for transmitting a user’s desire. For example,
such devices include a control panel provided with specific
switch buttons, a touch panel having a display on which
switch buttons are shown for touch input, a distance control
device operated by combining switches mounted to a steering
with a display in a distance, a voice recognition device, a
vehicle interior temperature sensor, and a vehicle interior
humidity sensor.

Thus, the first output means may be installed in the first
ECU to output the information indicating a user’s desire in
response to the signal outputted from the sensor or the control
input device. Also, the second output means, third output
means and the first control means may be installed in the
second ECU. Thus, change of the sensor or the control input
device involves only the change of the first ECU, without
requiring the need of changing the second ECU. This con-
figuration is advantageous when a variety of models of sen-
sors or control input devices are desired to be prepared for a
plurality of vehicles.

Another exemplary embodiment provides a control system
mounted in a vehicle equipped with at least one of a sensor
and a user’s input device and a first actuator and a second
actuator both controlled based on a signal from at least one of
the sensor and user’s input device, first output means for
outputting information indicative of auser’s desire depending
on the signal from at least one of the sensor and user’s input
device; second output means for outputting both a target value
of'a first state quantity and a target value of a second quantity
for travel of the vehicle, the target values of the first and
second state quantities being for realizing control of in-ve-
hicle environment in accordance with the information from
the first output means: third output means for outputting a



US 9,085,216 B2

3

command value for controlling the first actuator, the com-
mand value for controlling the first actuator being for realiz-
ing the target value of the first state quantity outputted from
the second output means; fourth output means for outputting
a command value for controlling the second actuator, the
command value for controlling the second actuator being for
realizing the target value of the second state quantity output-
ted from the second output means; first control means for
controlling the first actuator based on the command value
outputted from the third output means; and second control
means for controlling the second actuator based on the com-
mand value outputted from the fourth output means. The third
output means is configured to specify a controllable range for
the first state quantity depending on a capability of the first
actuator, and output the specified controllable range to the
second output means, the fourth output means is configured to
specify a controllable range for the second state quantity
depending on a capability of the second actuator, and output
the specified controllable range to the second output means,
and the second output means includes means for calculating
both an interim target value for the first state quantity and an
interim target value for the second state quantity within a
range for realizing the control of the in-vehicle environment
in accordance with the information from the first output
means, means for determining whether or not both the interim
target values for the first and second state quantities meet a
condition that the interim target value for the first state quan-
tity is outside the controllable range of the first state quantity
outputted from the third output means and the interim target
value for the second state quantity is within the controllable
range of the second state quantity outputted from the fourth
output means, means for correcting the interim target value
for the first state quantity falls in the controllable range of the
first state quantity and the interim target value for the second
state quantity is still within the controllable range of the
second state quantity when it is determined that the condition
is met, and means for outputting, as the target values for the
first and second state quantities, the corrected interim target
values for the first and second state quantities.

Thus, of the interim target values of the first and second
state quantities, if the interim target value of the first state
quantity fails to fall within the controllable range, the interim
target values of both of the first and second state quantities are
corrected. Therefore, vehicle interior conditions can be more
quickly and efficiently controlled along the lines of the user’s
desire. Such control is enabled by the feedback of the con-
trollable ranges to the second output means. Thus, the second
output means is able to output different target values of state
quantities to each of the plurality of third output means.

It is preferred that the control system includes a first ECU
(electronic control unit) and a second ECU communicable
with the first ECU, wherein the first ECU functionally
includes the second and fourth output means and the second
control means, and the second ECU functionally includes the
first and third output means and the first control means.

With this configuration, when the calculation process is
ensured to be changeable in determining a target value of a
state quantity reflecting the user’s desire, the change can be
readily made. For example, let us discuss the case where two
types of second output means are available. One second out-
put means uses a temperature-humidity index (or a discom-
fort index) to convert auser’s desire into a target value of state
quantity. The other second output means uses a perceived
temperature to convert a user’s desire into a target value of
state quantity. In this case, the second output means can be cut
out and installed in an ECU (the first ECU) which is separate
from the first output means, the third output means and the
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first control means. Accordingly, the change of the control,
i.e. the calculation process in determining a target value of a
state quantity reflecting the user’s desire, can be readily real-
ized without requiring the change of the second ECU.

Of the two types of second output means, one may use the
fourth output means and the second control means, while the
other may not use these means. In this case, the former second
output means may be arranged in an ECU (the first ECU)
together with the fourth output means and the second control
means. The latter second output means may be solely
arranged an ECU (the first ECU). Thus, the second ECU can
be commonly used for all types of vehicle. The change in the
former or in the latter may be made as appropriate by chang-
ing the first ECU. Such a configuration is convenient, for
example, for different grade cars, such as standard cars and
luxury cars, which commonly install the second ECU.

It is still preferred that the control system includes a first
ECU (electronic control unit) and a second ECU communi-
cable with the first ECU, wherein the first ECU functionally
includes the fourth output means and the second control
means, and the second ECU functionally includes the first,
second and third output means and the first control means.

This configuration can facilitate development of the system
when a plurality of models of actuators are available to the
system. Let us take as an example the case where two con-
figurations are prepared for the second actuator (e.g., one
configuration may include only a front air condition and the
other configuration may include both of front and rear air
conditioners). In this case, the fourth output means as well as
the second control means one order lower than the fourth
output means are cut out and installed in an ECU, or the first
ECU, separately from the first output means, the second out-
put means, the third output means and the first control means.
Thus, whichever configuration is applied, the configuration is
usable by changing only the first ECU as required. Thus, an
ECU, or the second ECU, including the calculation section
(the second output means) of a second state quantity can be
commonly used.

In other words, the means involved in a variety of actuators
can be collectively arranged in the first ECU, while the oth-
erwise means can be collectively arranged in the second ECU.
Thus, the second ECU can be commonly used in all types of
vehicles, while the first ECU can be developed in conformity
with the equipment (actuators) to be used in the system.

For example, a vehicle of a type may have different equip-
ment depending on the grade or specification (whether or not
the vehicle is based on a cold area specification). In such a
case, the two configurations as set forth above are advanta-
geous.

In the foregoing various embodiments, as a modification,
the first actuator is an air conditioner that controls tempera-
ture in an interior of the vehicle, the second actuator is a
dehumidifier that dehumidifies air in the interior of the
vehicle, the first state quantity is the temperature in the inte-
rior of the vehicle, and the second state quantity is humidity in
the interior of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a schematic diagram illustrating a configuration
of an on-vehicle control system according to a first embodi-
ment of the disclosure;

FIG. 2 is a schematic diagram illustrating a hierarchical
structure of functional units in the system;
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FIG. 3 is a table correlating user’s desired perception and
temperature-humidity index that would meet the user’s
desire;

FIG. 4 is a flow diagram illustrating a feedback process
performed by a temperature controller and a humidity con-
troller in the system;

FIG. 5 is a flow diagram illustrating a process performed by
an amenity controller in the system;

FIG. 6 is a schematic diagram illustrating a configuration
of an on-vehicle control system according to a second
embodiment of the disclosure;

FIG. 7 is a schematic diagram illustrating a hierarchical
structure of functional units in the system according to the
second embodiment;

FIG. 8 is a schematic diagram illustrating a configuration
of an on-vehicle control system according to a third embodi-
ment of the disclosure;

FIG. 9 is a schematic diagram illustrating a hierarchical
structure of functional units in the system according to the
third embodiment;

FIG. 10 is a flow diagram illustrating a process performed
by an amenity controller in the system according to the third
embodiment;

FIG. 11 is a schematic diagram illustrating another con-
figuration of the on-vehicle control system according to the
third embodiment;

FIG. 12 is a schematic diagram illustrating a configuration
of'an on-vehicle control system according to a fourth embodi-
ment of the disclosure;

FIG. 13 is a schematic diagram illustrating a hierarchical
structure of functional units in the system according to the
fourth embodiment;

FIG. 14 is a schematic diagram illustrating another con-
figuration of the on-vehicle control system according to the
fourth embodiment; and

FIG. 15 is a schematic diagram illustrating a hierarchical
structure of functional units according to a modification of the
disclosure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to the accompanying drawings, hereinafter
are described several embodiments of the disclosure.

(First Embodiment)

Referring first to FIGS. 1 to 5, first, a first embodiment of
the disclosure is described. FIG. 1 is a schematic diagram
illustrating a configuration of an on-vehicle control system
according to the first embodiment. The on-vehicle control
system (hereinafter also just referred to as “the control sys-
tem” or “the system”) is installed in a vehicle and includes a
first ECU 1 and a second ECU 2. The first and second ECUs
1 and 2 are able to communicate with each other via a com-
munication line (e.g., on-vehicle LAN). The first and second
ECUs 1 and 2 are able to acquire signals outputted from a
sensor 3 and a control input device 4 via the communication
line (or a signal line connected on a one-to-one basis). Fur-
ther, the first and second ECUs 1 and 2 are able to control
actuators 5 and 6 (air conditioner 5 and dehumidifier 6) via the
communication line (or a signal line connected on a one-to-
one basis).

The sensor 3 includes an interior temperature sensor that
detects and outputs a temperature in the vehicle interior, an
interior humidity sensor that detects and outputs humidity in
the vehicle interior, or an outside temperature sensor that
detects and outputs an outside temperature that is a tempera-
ture around the vehicle.
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The control input device 4 is operated by a user, i.c. a
vehicle occupant. The control input device 4 outputs a signal
in response to the operation. Specifically, the control input
device 4 includes a plurality of buttons mounted to the dash-
board of the vehicle. These buttons are used for inputting one
of user’s desired perceptions of coldness/hotness, such as
“very cold”, “quite cold”, “cool”, “comfortable”, “warm”,
“quite hot”, “hot” and “very hot”.

The air conditioner 5 is a well-known device for control-
ling temperature in the vehicle interior. The dehumidifier 6 is
also a well-known device for controlling humidity in the
vehicle interior.

With the configuration as described above, the on-vehicle
control system including the first and second ECUs 1 and 2
controls the air conditioner 5 and the dehumidifier 6 based on
a signal outputted from the sensor 3 and the control input
device 4.

Hereinafter, the first and second ECUs 1 and 2 are
described. The first and second ECUs 1 and 2 each include a
control circuit (e.g., known microcomputer), a communica-
tion interface and a flash memory (or a different non-volatile
storage medium). The communication interface is a well-
known interface circuit that transmits/receives signals
to/from the sensor 3, the control input device 4, the actuators
5 and 6, and a destination ECU (the second ECU 2 is the
destination ECU for the first ECU 1, and the first ECU 1 is the
destination ECU for the second ECU 2) via the communica-
tion line or the like.

The first ECU 1 has a control circuit that functions as an
amenity request processor 11 by executing a predetermined
program stored in a ROM of the control circuit. In other
words, the first ECU 1 is provided with the amenity request
processor 11.

The second ECU 2 has a control circuit that parallelly
executes predetermined programs stored in a ROM of the
control circuit. Specifically, the control circuit executes in
parallel an amenity control program, an interior temperature
control program, an interior humidity controller program, an
air conditioner controller program and a dehumidifier con-
troller program to function as an amenity controller 12, an
interior temperature controller 13 (hereinafter also just
referred to as “temperature controller 13”), an interior humid-
ity controller 14 (hereinafter also just referred to as “humidity
controller 14”), an air conditioner controller 15 and a dehu-
midifier controller 16, respectively. In other words, the sec-
ond ECU 2 is provided with the temperature controller 13, the
humidity controller 14, the air conditioner controller 15 and
the dehumidifier controller 16.

FIG. 2 is a schematic diagram illustrating a functional
hierarchical structure of the amenity request processor 11,
amenity controller 12, temperature controller 13, humidity
controller 14, air conditioner controller 15 and dehumidifier
controller 16. Referring to FIG. 2, hereinafter are described
processes performed in these functional units 11 to 16.

The amenity request processor 11 (corresponding to an
example of the user’s desire outputting means (the first output
means)) outputs a signal reflecting the user’s desire, in
response to the signals outputted from the sensor 3 and the
control input device 4.

For example, when a user in the vehicle wishes to feel quite
cold in the vehicle interior, the user should operate the “quite
cold” button among the buttons of the control input device 4.
In this case, the control input device 4 outputs a signal to the
first ECU 1 to indicate the operation of the “quite cold”
button. The amenity request processor 11 of the first ECU 1
receives this signal and outputs, to the amenity controller 12,
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a target temperature-humidity index range as a user’s desire
(or user’s intention) indicated by the signal.

Specifically, the flash memory (or ROM of the control
circuit) of the first ECU 1 stores data that in the form of a
table, as shown in FIG. 3, correlating user’s desired percep-
tions (e.g., desire of feeling “quite cold in the vehicle inte-
rior”) with temperature-humidity index ranges that would
match the respective user’s desired perceptions. The amenity
request processor 11 acquires the signal outputted from the
control input device 4 and identifies a temperature-humidity
index range corresponding to the desired perception indicated
by the acquired signal (temperature-humidity index range
that would match the user’s desire). For example, the amenity
request processor 11 identifies a range of “55 to 60” as the
temperature-humidity index range corresponding to “quite
cold” and outputs the identified range as a target temperature-
humidity index range.

Alternatively, in addition to the signal received from the
control input device 4, the amenity request processor 11 may
acquire signals outputted from the interior temperature sensor
and the interior humidity sensor as the sensor 3. Then, the
amenity request processor 11 may calculate the current
vehicle interior temperature and humidity based on the sig-
nals acquired from these sensors. After that, the amenity
request processor 11 may correct the user’s perception (e.g.,
“quite cold”) indicated by the signal received from the control
input device 4, based on the calculated interior temperature
and humidity.

Alternatively, the amenity request processor 11 may
acquire signals outputted from the interior temperature sensor
and the interior humidity sensor as the sensor 3. Then, the
amenity request processor 11 may calculate (estimate) a tem-
perature-humidity index range of the user’s desired percep-
tion regarding coldness/hotness in the vehicle interior, only
based on the signals acquired from these sensors without
using the table of correlation.

The amenity controller 12 (corresponding to an example of
the desire-state converting means (the second output means))
controls the vehicle interior conditions so as to be suitable for
the target temperature-humidity index range outputted from
the amenity request processor 11. To this end, the amenity
controller 12 calculates a target value of a vehicle interior
humidity (target humidity) (corresponding to an example of
the first state quantity) and a target value of a vehicle interior
temperature (target temperature) (corresponding to an
example of the second state quantity). Then, the amenity
controller 12 outputs the calculated target temperature to the
temperature controller 13 and outputs the calculated target
humidity to the humidity controller 14. In this case, the output
of'the target temperature and the target humidity is realized by
writing these target values in the RAM of the control circuit.
The details of the process performed by the amenity control-
ler 12 will be described later.

The temperature controller 13 (corresponding to an
example ofthe second state-equipment converting means (the
fourth output means)) periodically reads and acquires a target
temperature (corresponding to an example of a target value of
the second state quantity) stored in the RAM. The tempera-
ture controller 13 then outputs a control value for the air
conditioner 5 to realize the acquired target temperature.

Specifically, the temperature controller 13 defines the cur-
rent interior temperature based on a signal outputted from the
interior temperature sensor as the sensor 3. Then, the tem-
perature controller 13 compares the current interior tempera-
ture with the read target temperature.

Then, in cooling (i.e. when the target temperature is lower
than the current interior temperature), the temperature con-
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troller 13 sets the control value to a temperature (i.e. con-
trolled temperature) lower by a predetermined value than the
target temperature (this value is referred to as “offset tem-
perature”). The offset temperature is made larger as the abso-
lute value of the difference between the target temperature
and the current interior temperature becomes larger, so that
the interior temperature more quickly reaches the target tem-
perature.

Similarly, in heating (i.e. when the target temperature is
higher than the interior temperature), the temperature con-
troller 13 sets the control value to a value (i.e. controlled
temperature) which is higher than the target temperature by a
predetermined offset temperature. The offset temperature is
made larger as the absolute value of the difference between
the target temperature and the current interior temperature
becomes larger, so that the interior temperature more quickly
reaches the target temperature.

The controlled temperature calculated (set) as a control
value by the temperature controller 13 is outputted to the air
conditioner controller 15. In this case, the output of the con-
trolled temperature is realized by writing the controlled tem-
perature into the RAM of'the control circuit. Alternative to the
control based on the current interior temperature as described
above, a controlled temperature equal to the target tempera-
ture may be outputted to the air conditioner controller 15.

The air conditioner controller 15 (corresponding to an
example of the second equipment control means (the second
control means)) periodically (e.g., once in a second) reads and
acquires a controlled temperature (control value) for the air
conditioner 5 outputted by (written into the RAM by) the
temperature controller 13. Then, the air conditioner controller
15 controls the air conditioner 5 using various known meth-
ods to realize the acquired controlled temperature.

The humidity controller 14 (corresponding to an example
of'the first state-equipment converting means (the third output
means)) periodically (e.g., once in a second) reads and
acquires the target humidity (corresponding to an example of
the target value of the first state quantity) stored in the RAM.
The humidity controller 14 then outputs a control value for
the dehumidifier 6 to realize the acquired target humidity.

Specifically, the humidity controller 14 defines the current
interior humidity based on a signal outputted from the interior
humidity sensor as the sensor 3. The humidity controller 14
then compares the current interior humidity with the target
humidity. If the target humidity is lower than the current
interior humidity, the humidity controller 14 outputs a control
value (dehumidification request) to the dehumidifier control-
ler 16 to activate the dehumidifier 6. If the target humidity is
not less than the interior humidity, the humidity controller 14
outputs a control value to the dehumidifier controller 16 to
stop the dehumidifier 6. In this case, the output of a control
value is realized by writing the control value into the RAM of
the control circuit.

The dehumidifier controller 16 (corresponding to an
example of the first equipment control means (the first control
means)) periodically (e.g., once in a second) reads and
acquires a control value for the dehumidifier 6 outputted from
(written into the RAM by) the humidity controller 14. Then,
the dehumidifier controller 16 controls the dehumidifier 6
according to the acquired control value.

Specifically, if a control value indicating activation of the
dehumidifier 6 is acquired when the dehumidifier 6 is in an
activated sate, the activation of the dehumidifier 6 is contin-
ued as it is. If a control value indicating stopping of the
dehumidifier 6 is acquired when the dehumidifier 6 is in an
activated sate, the activation of the dehumidifier 6 is stopped.
Also, if a control value indicating activation of the dehumidi-
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fier 6 is acquired when the dehumidifier 6 is in a stopped state,
the activation of the dehumidifier 6 is started. If a control
value indicating stopping of the dehumidifier 6 is acquired
when the dehumidifier 6 is in a stopped state, the dehumidifier
6 is permitted to stay in the stopped state.

As described above, a hierarchical structure is constituted
by the amenity request processor 11, amenity controller 12,
temperature controller 13, humidity controller 14, air condi-
tioner controller 15 and dehumidifier controller 16. Specifi-
cally, the amenity request processor 11 at the top outputs a
user’s desire to the amenity controller 12 one level lower in
the hierarchy than the amenity request processor 11. The
amenity controller 12 outputs a target temperature and a
target humidity to the temperature controller 13 and the
humidity controller 14 one order lower than the amenity
controller 12. Then, the temperature controller 13 outputs a
controlled temperature to the air conditioner controller 15 one
order lower than the temperature controller 13. The humidity
controller 14 outputs a control value to the dehumidifier con-
troller 16 one order lower than the humidity controller 14.

Hereinafter is described a process of feeding back a tem-
perature controllable range from the temperature controller
13 to the amenity controller 12 in the hierarchical structure.

In the feedback process performed parallel to the operation
described above, the temperature controller 13 repeatedly and
periodically (e.g., once in a second) defines a controllable
range of a vehicle interior temperature (corresponding to an
example of the second state quantity) suitable for the ability
of the air conditioner 5. Then, the temperature controller 13
outputs the defined controllable range (i.e. temperature con-
trollable range) of the vehicle interior temperature to the
amenity controller 12.

The temperature controller 13 performs a feedback process
as illustrated in the flow diagram of FIG. 4. The temperature
controller 13 is ensured to start the feedback process with the
start of the second ECU 2. As shown in FIG. 4, at step 110,
first, a regulating ability is determined as an initialization.
Specifically, connected-device information and ability infor-
mation are acquired. The connected-device information indi-
cates the model name of an actuator for interior temperature
control connected to the communication line. The ability
information indicates the level of cooling/heating ability of
the connected actuator (air conditioner 5).

Specifically, the connected-device information and the
ability information may be stored in advance in the flash
memory of the second ECU 2 (or ROM of the control circuit)
and read out. In this case, when the model of the air condi-
tioner 5 installed in the vehicle is determined, connected-
device information and ability information suitable for the
model of the air conditioner 5 are stored in the flash memory
(or ROM of the control circuit). The connected-device infor-
mation to be stored in this case includes the model name of the
air conditioner 5.

The ability information to be stored in this case includes the
cooling/heating ability information of the air conditioner 5 of
the model depending on outside temperature (temperature
around the vehicle). For example, the ability information
includes an interior temperature range that can be realized by
the air conditioner 5 (temperature controllable range) for each
of 5° C. increments within an outside temperature range of
-20° C. to 50° C.

Alternative to the above, the connected-device information
and the ability information of the air conditioner 5 may be
included in advance in programs for realizing the temperature
controller 13 and the air conditioner controller 15. In this
case, the programs for realizing the temperature controller 13
and the air conditioner controller 15 may be prepared for
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every model of the air conditioner 5. When a model of the air
conditioner 5 to be installed in the vehicle is determined,
programs for the temperature controller 13 and the air condi-
tioner controller 15 suitable for the model are stored in the
ROM of the control circuit in the second ECU 2.

Alternatively, the temperature controller 13 may make an
inquiry, via the interface circuit of the second ECU 2, regard-
ing the model of the actuator connected to the communication
line for the control of the interior temperature control. Then,
the temperature controller 13 may detect, based on the
response to the inquiry, that a specific model of the air con-
ditioner 5 is connected.

Specifically, the temperature controller 13 may transmit to
the communication line an inquiry signal including data indi-
cating interior temperature control. As far as the inquiry sig-
nal includes data indicating interior temperature control, the
air conditioner 5 may output a response including informa-
tion regarding its model to the second ECU 2. Then, the
temperature controller 13 may acquire the response via the
interface circuit and detect that the air conditioner 5 of the
model is connected, based on the information included in the
acquired response.

The flash memory (or ROM of the control circuit) may
store in advance the information on cooling/heating ability
depending on the outside temperature as mentioned above for
every model of the air conditioner 5. The temperature con-
troller 13 may read the information regarding cooling/heating
ability depending on the outside temperature, which corre-
sponds to the air conditioner 5 detected as described above to
thereby acquire the ability information of the air conditioner
5 of the model.

Alternatively, the temperature controller 13 may make an
inquiry, via the interface circuit of the second ECU 2, regard-
ing the model of the actuator connected to the communication
line for the control of interior temperature. Then, the tempera-
ture controller 13 may detect, based on the response to the
inquiry, that a specific model of the air conditioner 5 is con-
nected. At the same time, the temperature controller 13 may
acquire the ability information (controllable temperature
range) of the air conditioner 5 of the model.

Specifically, the temperature controller 13 may transmit to
the communication line an inquiry signal including data
indicative of interior temperature control. As far as the inquiry
signal includes data indicative of interior temperature control,
the air conditioner 5 may output a response including infor-
mation regarding its model to the second ECU 2. In this case,
the response also may include information regarding cooling/
heating ability of the air conditioner 5 of the model depending
on the outside temperature. Then, the temperature controller
13 may acquire the response via the interface circuit, detect
that the air conditioner 5 of the model is connected based on
the model information and the cooling/heating ability infor-
mation included in the acquired response, and define the
ability information (controllable temperature range) of the air
conditioner 5 of the model.

In this way, in one specific process that may be used for
acquiring connected-device information and ability informa-
tion, connected-device information and ability information
are written in advance into the program of the temperature
controller 13 or written as separate data into a flash memory
(or ROM of the control circuit). In another specific process
that may be used, the model name of the device connected to
the communication line is read when the second ECU 2 is
started and the regulating ability is determined using the
ability information corresponding to the model of the device
(i.e. using a reference table). In a still another specific process
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that may be used, the second ECU 2, when it is started, allows
the connected device to output the ability information.

Subsequent to step 110, at step 160, a loop of steps 120 to
160 is repeated (e.g., at a cycle of one second) until control-
lable range determination requirements are no longer met.
First, at step 120, current conditions inside and outside the
vehicle are recognized. Specifically, the current outside tem-
perature is defined based on a signal outputted from the out-
side temperature sensor as the sensor 3.

Then, at step 130, a controllable range of interior tempera-
ture (corresponding to an example of the second state quan-
tity) is determined based on the ability information acquired
at step 110 and the current conditions (outside temperature)
acquired at step 120. Specifically, the outside temperature
acquired at step 120 is applied to the ability information
acquired at step 110. Thus, a controllable range of interior
temperature is determined, which can be realized by the air
conditioner 5 at the acquired outside temperature.

Then, at step 140, it is determined whether or not feedback
requirements have been met. The feedback requirements
include: (1) the second ECU 2 has been started; (2) a control-
lable range has been requested from the amenity controller
12, (3) the controllable range determined at step 130 of the
previous loop has been changed from the controllable range
determined at step 130 of aloop before the previous loop. Any
one, or two or more of these three requirements may be used.

For example, if all of the three requirements (1) to (3) are
used, the feedback requirements are met every time the sec-
ond ECU 2 is started. Or, the feedback requirements are met
every time the amenity controller 12 requests the controllable
range. Or, the feedback requirements are met every time the
controllable range changes as mentioned above.

If the feedback requirements are determined to be met,
control proceeds to step 150. At step 150, the latest control-
lable range (temperature controllable range) defined at step
130 of the previous loop is outputted to the amenity controller
12. The output of the controllable range is realized by writing
the controllable range into the RAM of the control circuit.
After completing step 150, control proceeds to step 160. If the
feedback requirements are determined not to be met at step
140, control bypasses step 150 and proceeds to step 160.

At step 160, it is determined whether or not controllable
range determination requirements are met. The controllable
range determination requirements are used to determine
whether or not a controllable range should be continuously
determined. For example, the controllable range determina-
tion requirements may have a basis on the change of the
power status.

For example, while the main power supply (IG) of the
vehicle is turned on, the controllable range determination
requirements may be met. However, when the main power
supply is turned off, the controllable range determination
requirements may not be met. In this example, steps 120 to
160 are repeatedly performed while the main power supply of
the vehicle is turned on.

In this way, the temperature controller 13 repeatedly
defines a controllable range of vehicle interior temperature
according to the ability of the air conditioner 5 connected to
the communication line (step 130). When the feedback
requirements are met (step 140), the defined controllable
range is outputted to the amenity controller 12 (step 160).

Hereinafter is described feedback of a humidity control-
lable range from the humidity controller 14 to the amenity
controller 12.

Parallel to the operation described above, the humidity
controller 14 carries out a feedback process. In the feedback
process, the humidity controller 14 repeatedly and periodi-
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cally (e.g., once in a second) defines a controllable range of
the vehicle interior humidity (corresponding to an example of
the first state quantity) according to the ability of the actuator
for controlling humidity (dehumidifier 6). Then, the humidity
controller 14 outputs the defined controllable range of interior
humidity (i.e. humidity controllable range) to the amenity
controller 12.

The feedback process carried out by the humidity control-
ler 14 is similar to the process illustrated in FIG. 4, which is
carried out by the temperature controller 13.

Specifically, the humidity controller 14 starts the feedback
process with the start of the second ECU 2. First, at step 110,
the humidity controller 14 determines regulating ability as an
initialization. Specifically, the humidity controller 14
acquires connected-device information and ability informa-
tion. The connected-device information indicates the model
name of an actuator for controlling vehicle interior humidity,
which is connected to the communication line. The ability
information indicates the level of the ability of the connected
actuator (dehumidifier 6).

In one specific process that may be used for acquiring the
connected-device information and ability information, these
pieces of information are stored in advance in a flash memory
(or ROM of'the control circuit) of the second ECU 2 and read
out. In this case, upon determining the model of the actuator
to be installed in the vehicle for the control of vehicle interior
humidity, connected-device information and ability informa-
tion corresponding to the model are stored in the flash
memory (or ROM of the control circuit). The connected-
device information stored in the flash memory includes the
model name of the actuator (dehumidifier 6).

Further, the ability information to be stored includes infor-
mation regarding humidity regulating ability of the dehu-
midifier 6 of the model depending such as on interior humid-
ity. For example, the ability information includes an interior
humidity range that can be realized by the dehumidifier 6
(humidity controllable ranges) for each of 5% increments
within an interior humidity range of 0% to 100%. The dehu-
midifier 6 is not able to raise the interior humidity higher than
the current humidity. Therefore, in the interior humidity range
that can be realized, the current interior humidity should be
the upper limit (e.g., when current interior humidity is 50%,
the humidity ranges from 50% to 40%).

Alternative to the above configuration, the connected-de-
vice information and ability information of the dehumidifier
6 may be included in a program in advance which realizes the
interior humidity controller 4.

Alternatively, the humidity controller 14 may make an
inquiry, via the interface circuit of the second ECU 2, regard-
ing the model of the actuator connected to the communication
line for the control of the interior humidity. Then, the humid-
ity controller 14 may detect, based on the response to the
inquiry, that a specific model of the dehumidifier 6 is con-
nected.

Specifically, the humidity controller 14 may transmit to the
communication line an inquiry signal including data indica-
tive of interior humidity control. As far as the inquiry signal
includes data indicative of interior humidity control, the
dehumidifier 6 may output a response including information
regarding its model to the second ECU 2. Then, the humidity
controller 14 may acquire the response via the interface cir-
cuit and detect that the dehumidifier 6 of the model is con-
nected, based on the information included in the acquired
response.

The flash memory (or ROM of the control circuit) may
store in advance the information on humidity regulating abil-
ity depending on the vehicle interior humidity as mentioned
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above for every model of the dehumidifier 6. The humidity
controller 14 may read the information regarding humidity
regulating ability depending on the interior humidity, which
corresponds to the dehumidifier 6 detected as described above
to thereby acquire the ability information of the dehumidifier
6 of the model.

Alternatively, the humidity controller 14 may make an
inquiry, via the interface circuit of the second ECU 2, regard-
ing the model of the actuator connected to the communication
line for the control of the interior humidity. Then, the humid-
ity controller 14 may detect, based on the response to the
inquiry, that a specific model of the dehumidifier 6 is con-
nected. At the same time, the humidity controller 14 may
acquire the ability information of the dehumidifier 6 of the
model.

Specifically, the humidity controller 14 may transmit to the
communication line an inquiry signal including data indica-
tive of interior humidity control. As far as the inquiry signal
includes data indicative of interior humidity control, the
dehumidifier 6 may output a response including information
regarding its model to the second ECU 2. In this case, the
response may also include information regarding humidity
control ability of the dehumidifier 6 of the model depending
on the vehicle interior humidity. Then, the humidity control-
ler 14 may acquire the response via the interface circuit,
detect that the dehumidifier 6 of the model is connected,
based on the model information and the humidity regulating
ability information included in the acquired response, and
define the ability information of the dehumidifier 6 of the
model.

In this way, in one specific process that may be used for
acquiring connected-device information and ability informa-
tion, connected-device information and ability information
are written in advance into the program of the humidity con-
troller 14 or written as separate data into a flash memory (or
ROM of the control circuit). In another specific process that
may be used, the model name of the device connected to the
communication line is read when the second ECU 2 is started
and the regulating ability is determined using the ability infor-
mation corresponding to the model of the device (i.e. using a
reference table). In a still another specific process that may be
used, the second ECU 2, when it is started, allows the con-
nected device to output the ability information.

Subsequent to step 110, at step 160, a loop of steps 120 to
160 is repeated (e.g., at a cycle of one second) until control-
lable range determination requirements are no longer met.
First, at step 120, current conditions inside the vehicle are
recognized. Specifically, the current interior humidity is
defined based on a signal outputted from the interior humidity
sensor as the sensor 3.

Then, at step 130, a controllable range of the interior
humidity (corresponding to an example of the first state quan-
tity) is determined based on the ability information acquired
at step 110 and the current conditions (interior humidity)
acquired at step 120. Specifically, the interior humidity
acquired at step 120 is applied to the ability information
acquired at step 110. Thus, a controllable range of interior
humidity is determined, which can be realized by the dehu-
midifier 6 at the acquired vehicle interior humidity. The sub-
sequent steps 140 to 160 are the same as those performed by
the temperature controller 13 and thus the detailed explana-
tion is omitted. However, the output at step 150 corresponds
to the controllable range of the interior humidity (humidity
controllable range) defined at step 130.

In this way, the humidity controller 14 repeatedly defines a
controllable range of interior humidity suitable for the ability
of the actuator (dehumidifier 6) connected to the communi-
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cation line, for the control of the interior humidity (step 130).
Then, when feedback requirements are met (step 140), the
humidity controller 14 outputs the defined controllable range
to the amenity controller 12 (step 160).

Hereinafter is described a process performed by the ame-
nity controller 12 which is fed back with controllable ranges
from the temperature controller 13 and the humidity control-
ler 14. The amenity controller 12 repeatedly (e.g. once in a
second) executes the process shown in FIG. 5 to determine a
target temperature and a target humidity based on the fed back
controllable ranges.

FIG. 5 is a flow diagram illustrating the process. First, at
step 205, the amenity controller 12 acquires a signal outputted
from the amenity request processor 11. In other words, the
amenity controller 12 acquires a signal indicating a tempera-
ture-humidity index range (corresponding to an example of
the user’s desire).

At the subsequent step 210, the amenity controller 12 cal-
culates an interim target value of the interior humidity (cor-
responding to an example of the first state quantity) and an
interim target value of the interior temperature (correspond-
ing to an example of the second state quantity) for the purpose
of controlling the interior humidity and interior temperature
of the vehicle in conformity with the perception (tempera-
ture-humidity index range) acquired at step 205. The calcu-
lated interim target value of the interior humidity is referred to
as an “interim target humidity”, while the calculated interim
target value of the interior temperature is referred to as an
“interim target temperature”.

Specifically, the amenity controller 12 refers to data pre-
pared in advance, which correlates “temperature-humidity
index”, “humidity h”” and “temperature t”” of the vehicle inte-
rior. Based on the data, the amenity controller 12 calculates an
interim target humidity of the humidity h and an interim target
temperature of the temperature t so as to fall within the tem-
perature-humidity index range acquired at step 205.

Specifically, the flash memory of the second ECU 2 (or
ROM of the control circuit) stores in advance the following
relation as data correlating “temperature-humidity index”,
“humidity h” and “temperature t”:

(Temperature-humidity index)=0.81+0.01%x(0.99¢-
14.3)+46.3

Using the above relation, the amenity controller 12 deter-
mines an interim target humidity of the humidity h and an
interim target temperature of the temperature t so as to fall
within the identified temperature-humidity index range.

More specifically, the amenity controller 12 calculates a
representative value (or a central value, or an upper limit, or a
lower limit) of the identified temperature-humidity index
range. Then, the amenity controller 12 substitutes the repre-
sentative value into the left-hand side of the above relation.
After the substitution, the amenity controller 12 determines
the humidity h and the temperature t which satisfy the rela-
tion. Thus, the amenity controller 12 uses the resultant humid-
ity h as an interim target humidity, and the resultant tempera-
ture t, as an interim target temperature.

For example, the amenity controller defines the current
interior temperature of the vehicle based on a signal currently
outputted from the interior temperature sensor as the sensor 3.
Then, the amenity controller 12 calculates a value offset from
the defined interior temperature by a predetermined offset
temperature. The offset value as the temperature t is substi-
tuted into the above relation, followed by determining the
humidity h that satisfies the above relation.

Then, the amenity controller 12 uses the substituted tem-
perature t as an interim target temperature, and the calculated



US 9,085,216 B2

15

interior humidity, as an interim target humidity. The offset
temperature may be set to a positive value (e.g., 2° C.) when
the acquired temperature-humidity index range is 60 or less,
or may be set to zero when the range is from 60 to 75, or may
be se to a negative value (e.g., —2° C.) when the range is 75 or
more.

Inthis way, at step 210, the amenity controller 12 calculates
an interim target humidity (corresponding to an example of
the interim target value of the first state quantity) and an
interim target temperature (corresponding to an example of
the interim target value of the second state quantity).

Subsequently, at step 215, the amenity controller 12 rec-
ognizes the latest temperature controllable range outputted
from the interior temperature controller 13. Specifically, the
amenity controller 12 reads the latest temperature control-
lable range that has been stored in the RAM by the interior
temperature controller 13. Then, at step 220, the amenity
controller 12 recognizes the latest humidity controllable
range outputted by the interior humidity controller 14. Spe-
cifically, the amenity controller 12 reads the latest humidity
controllable range stored in the RAM by the interior humidity
controller 14.

Then, at step 225, the amenity controller 12 determines
whether or not the interim target values (the interim target
temperature and the interim target humidity) calculated at
step 210 fall within the respective controllable ranges
acquired at steps 215 and 220.

More specifically, if both of the interim target temperature
and the interim target humidity fall within the respective
controllable ranges, the amenity controller 12 makes an affir-
mative determination (YES) at step 225 and then control
proceeds to step 230. If either of the interim target tempera-
ture and the interim target humidity falls out of the control-
lable range, the amenity controller 12 makes a negative deter-
mination (NO) at step 225 and then control proceeds to step
235.

It both of the interim target values fall within the respective
controllable ranges, the amenity controller 12 determines, at
step 230, the interim target temperature to be a target value of
the interior temperature of the vehicle (hereinafter also
referred to as “target temperature), and the interim target
humidity to be a target value of the interior humidity of the
vehicle (hereinafter also referred to as “target humidity™).

At the subsequent step 240, the amenity controller 12 out-
puts the target values determined at step 230. Specifically, the
amenity controller 12 outputs the target temperature to the
temperature controller 13 and the target humidity to the
humidity controller 14.

If either of the interim target values falls out of the control-
lable range, the amenity controller 12 re-calculates, at step
235, an interim target temperature and an interim target
humidity. In this case, the following re-calculation processes
(A) to (E) may be used.

(A) The case where the interim target temperature falls
within the controllable range and the interim target humidity
is lower than the lower limit of the controllable range (e.g.,
50% to 60%):

In this case, the amenity controller 12 changes the interim
target humidity so as to be equal to the lower limit (50%) of
the controllable range. Then, the amenity controller 12 sub-
stitutes the changed interim target humidity (50%) into the
humidity h in the relation set forth above, which is again
provided below:

(Temperature-humidity index)=0.81+0.01%x
(0.991-14.3)+46.3
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Then, the amenity controller 12 substitutes the representative
value of the temperature-humidity index range identified at
step 210 into the temperature-humidity index in the relation.
Then, the amenity controller 12 determines an temperature t
that falls within the controllable range and satisfies the above
relation, for use as an interim target temperature of the vehicle
interior temperature.

(B) The case where the interim target temperature falls
within the controllable range and the interim target humidity
is more than the upper limit of the controllable range (e.g.,
50% to 60%):

In this case, the amenity controller 12 changes the interim
target humidity so as to be equal to the upper limit (60%) of
the controllable range. Then, the amenity controller 12 sub-
stitutes the changed interim target humidity (60%) into the
humidity h in the above relation, and also substitutes the
representative value of the temperature-humidity index range
identified at step 210 into the temperature-humidity index in
the relation. Then, the amenity controller 12 determines a
temperature t that falls within the controllable range and
satisfies the above relation, for use as an interim target tem-
perature of the vehicle interior temperature.

(C) The case where the interim target humidity falls within
the controllable range and the interim target temperature is
lower the lower limit of the controllable range (e.g., 22° C. to
28° C.):

In this case, the amenity controller 12 changes the interim
target temperature so as to be equal to the lower limit (22° C.)
of the range. Then, the amenity controller 12 substitutes the
changed interim target temperature (22° C.) into the tempera-
ture t in the above relation and also substitutes the represen-
tative value of the temperature-humidity index range identi-
fied at step 210 into the temperature-humidity index in the
above relation. Then, the amenity controller 12 determines a
humidity h that falls within the controllable range and satis-
fies the above relation, for use as an interim target humidity of
the vehicle interior humidity.

(D) The case where the interim target humidity falls within
the controllable range and the interim target temperature is
more than the upper limit of the controllable range (e.g., 22°
C.1028° C.):

In this case, the amenity controller 12 changes the interim
target temperature so as to be equal to the upper limit (28°C.)
of the range. Then, the amenity controller 12 substitutes the
changed interim target temperature (28° C.) into the tempera-
ture t in the above relation, and also substitutes the represen-
tative value of the temperature-humidity index range identi-
fied at step 210 into the temperature-humidity index in the
above relation. Then, the amenity controller 12 determines a
humidity h that falls within the controllable range and satis-
fies the above relation, for use as an interim target humidity of
the vehicle interior humidity.

(E) The case where both of the interim target humidity and
the interim target temperature are out of the respective con-
trollable ranges:

Inthis case, any of processes (A) to (D) set forth above may
be used.

In processes (A) and (B), in the event that a temperature t
that satisfies the above relation fails to fall within the control-
lable range, the amenity controller 12 may change the tem-
perature-humidity index within the temperature-humidity
index range acquired at step 205, followed by substitution of
the changed temperature-humidity index into the above rela-
tion. Then, the amenity controller 12 may determine a tem-
perature t that falls within the controllable range and satisfies
the above relation, for use as an interim target temperature of
the vehicle interior temperature.



US 9,085,216 B2

17

In processes (C) and (D), in the event that a humidity h that
satisfies the above relation fails to fall within the controllable
range, the amenity controller 12 may change the temperature-
humidity index within the temperature-humidity index range
acquired at step 205, followed by substitution of the changed
temperature-humidity index into the above relation. Then, the
amenity controller 12 may determine a humidity h that falls
within the controllable range and satisfies the above relation,
for use as an interim target humidity of the vehicle interior
humidity.

When the interim target temperature falls within the con-
trollable range and the interim target humidity falls out of the
controllable range, use of processes (A) and (B) can correct
the interim target humidity that falls out of the controllable
range as well as the interim target temperature that does not
fall out of the controllable range. As a result of the correction,
these interim target temperature and interim target humidity
are permitted to fall within the range in which the vehicle
interior conditions can be controlled according to the user’s
desire (to fall within the temperature-humidity index range of
55 to 60 corresponding to “quite cold”).

When the interim target humidity falls within the control-
lable range and the interim target temperature falls out of the
controllable range, use of processes (C) and (D) enables
correction of the interim target temperature that falls out of
the controllable range as well as the interim target humidity
that does not fall out of the controllable range. As a result of
the correction, these interim target temperature and interim
target humidity are permitted to fall within the range in which
the vehicle interior conditions can be controlled according to
the user’s desire (to fall within the temperature-humidity
index range of 55 to 60 corresponding to “quite cold”).

Thus, the feedback performed by one of the temperature
controller 13 and the humidity controller 14 acts on the con-
trol of the other of the controllers.

After step 235, control proceeds to step 230. At step 230,
the amenity controller 12 determines, as mentioned above,
the interim target temperature as a target temperature and the
interim target humidity as a target humidity. Then, at step 240,
the amenity controller 12 outputs the target temperature to the
temperature controller 13 and the target humidity to the
humidity controller 14.

Thus, the temperature controller 13 and the humidity con-
troller 14 define the controllable ranges of the state quantities
of'the vehicle so as to be suitable for the ability of the actua-
tors 5 and 6. Then, these controllers output (feed back) the
defined controllable ranges to the amenity controller 12.
Then, the amenity controller 12 calculates target values of the
sate quantities (interior temperature and interior humidity of
the vehicle) so as to fall within the respective controllable
ranges of the state quantities. Therefore, the probability for
the amenity controller 12 to output target values that cannot
be realized by the actuators 5 and 6 is reduced. Such unreal-
izable target values would otherwise have been outputted to
the controllers 13 and 14, due to the silence of these control-
lers about the specific structural varieties of the actuators 5
and 6, against the amenity controller 12.

In the event either one of the two interim target values (the
interim target temperature and the interim target humidity) is
out of the controllable range, the correction of both of the
interim target values enables more quick and more efficient
control of the vehicle interior conditions in line with the
user’s desire. This owes to the feedback of the controllable
ranges to the amenity controller 12 from the plurality of
state-equipment converting means (temperature controller 13
and humidity controller 14). Further, owing to the feedback,
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the amenity controller 12 is able to output target values of
different state quantities to the respective controllers.

(Second Embodiment)

Referring now to FIGS. 6 and 7, hereinafter is described a
second embodiment of the disclosure. The second embodi-
ment is described focusing on the differences from the first
embodiment. It should be appreciated that in the second and
the subsequent embodiments, the components identical with
or similar to those in the first embodiment are given the same
reference numerals for the sake of omitting unnecessary
explanation.

FIG. 6 is a schematic diagram illustrating a configuration
of an on-vehicle control system according to the second
embodiment. As shown in FIG. 6, the vehicle that installs the
system of the second embodiment is provided with a humidi-
fier 7. The control circuit of the second ECU 2 executes a
predetermined program stored in the ROM to function as a
humidifier controller 17 (corresponding to an example of the
first equipment control means).

The humidifier 7 (corresponding to an example of the first
actuator) is a well-known device that controls humidity in the
interior of the vehicle. Under the control of the humidifier 7 as
well as the dehumidifier 6, the humidity in the vehicle interior
can be increased or decreased.

FIG. 7 is a schematic diagram illustrating a hierarchical
structure of functional units in the system. Specifically, FIG.
7 shows a functional hierarchical structure of the amenity
request processor 11, amenity controller 12, interior tempera-
ture controller 13, interior humidity controller 14, air condi-
tioner controller 15, dehumidifier controller 16 and humidi-
fier controller 17. The functions of the amenity request
processor 11, amenity controller 12, temperature controller
13, air conditioning controller 15 and dehumidifier controller
16 are the same as those of the first embodiment.

The humidity controller 14 periodically (e.g., once a sec-
ond) reads and acquires a target humidity (corresponding to
an example of the target value of the first state quantity)
outputted by the amenity controller 12 and stored in the
RAM. Then, in conformity with the acquired target humidity,
the humidity controller 14 outputs a control value for the
dehumidifier 6 to the dehumidifier controller 16 and also
outputs a control value for the humidifier 7 to the humidifier
controller 17.

Specifically, the humidity controller 14 defines the current
interior humidity based on a signal outputted from the interior
humidity sensor as the sensor 3 for the comparison of the
current interior humidity with the target humidity. Then, if the
target humidity is lower than the current humidity, the humid-
ity controller 14 outputs a control value (dehumidification
request) to the dehumidifier controller 16 to activate the dehu-
midifier 6. At the same time, the humidity controller 14 out-
puts a control value to the humidifier controller 17 to stop the
humidifier 7.

On the other hand, if the target humidity is equal to or
higher than the current humidity, the humidity controller 14
outputs a control value to the dehumidifier controller 16 to
stop the dehumidifier. At the same time, the humidity con-
troller 14 outputs a control value (humidification request) to
the humidifier controller 17 to activate the humidifier 7. In
this case, the output of the control value is realized by writing
the control value into the RAM of the control circuit.

The humidifier controller 17 periodically (e.g., once a sec-
ond) reads and acquires the control value for the humidifier 7
outputted from (written into the RAM by) the humidity con-
troller 14. Then, the humidifier controller 17 controls the
humidifier 7 according to the acquired control value.
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Specifically, when a control value indicating activation of
the humidifier 7 is acquired while the humidifier 7 is actually
activated, the activation of the humidifier 7 is continued as it
is. When a control value indicating stopping of the humidifier
7 is acquired while the humidifier 7 is activated, the humidi-
fier 7 is stopped. Further, when a control value indicating
activation of the humidifier 7 is acquired while the humidifier
7 is stopped, the humidifier 7 is started. When a control value
indicating stopping of the humidifier 7 is acquired while the
humidifier 7 is actually stopped, the humidifier 7 is permitted
to stay as being stopped.

The process of feeding back data regarding humidity con-
trollable range from the humidity controller 14 to the amenity
controller 12 is similar to that of the first embodiment. In
other words, the humidity controller 14 periodically (e.g.,
once in a second) defines a controllable range of the vehicle
interior humidity (corresponding to an example of the first
state quantity) suitable for the abilities of the humidity control
actuators (dehumidifier 6 and humidifier 7) and outputs the
defined range of the vehicle interior humidity to the amenity
controller 12.

However, the humidity controllable range determined by
the humidity controller 14 at step 130 of FIG. 4 is different
between the first and second embodiments. Specifically, in
the first embodiment, the upper limit of the controllable range
has been made equal to the current interior humidity of the
vehicle. However, in the present embodiment, the upper limit
of the controllable range is set to be higher than the current
interior humidity of the vehicle. For example, the range of
+20% with reference to the current humidity may be used as
a humidity controllable range.

The humidity controller 14 may make an inquiry, via the
interface circuit of the second ECU 2, regarding the model of
the actuator connected to the communication line for the
control of the humidity. Then, based on the response to the
inquiry, the humidity controller 14 may detect that a specific
model of humidifier 7 or dehumidifier 6 is connected. In this
case, at step 110 of determining regulating ability, the humidi-
fier 7, for example, can output a response that includes its
model information to the second ECU 2, as far as data indica-
tive of humidity control is included in the inquiry. Then, the
humidity controller 14 acquires the response via the interface
circuit and, based on the model information included in the
acquired response, can detect that the humidifier 7 of the
model is connected to the communication line.

With this configuration, the humidity controller 14 is able
to change the controllable range when both of the dehumidi-
fier 6 and the humidifier 7 are connected, or when only the
dehumidifier 6 is connected, or when only the humidifier 7 is
connected, as actuator(s) for controlling the interior humidity
of the vehicle. In this case, depending on the conditions, the
change of the controllable range may be based on the ability
information of each model in the data stored in advance in a
flash memory (or ROM), or based on the ability information
of the connected actuator outputted from the actuator per se.

In the first and second embodiments, the first ECU 1
includes the amenity request processor 11 as an example of
the user’s desire outputting means. Further, the second ECU
2 includes the amenity controller as an example of the desire-
state converting means, the humidity controller 14 as an
example of the first state-equipment converting means, the
temperature controller 13 as an example of the second state-
equipment converting means, the dehumidifier controller 16
(and humidifier controller 17 in the second embodiment) as
an example of the first equipment control means, and the air
conditioner controller 15 as an example of the second equip-
ment control means.
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With this configuration, a sensor or a control input device
for indicating a user’s desire can be easily changed. Various
devices can be appropriately used as the sensor or the control
input device for transmitting a user’s desire. For example,
such devices include a control panel provided with specific
switch buttons, a touch panel having a display on which
switch buttons are shown for touch input, a distance control
device operated by combining switches mounted to a steering
with a display in a distance, a voice recognition device, a
vehicle interior temperature sensor, and a vehicle interior
humidity sensor.

Thus, the user’s desire inputting means is installed in the
first ECU 1 to output a signal indicative of a user’s desire in
response to a signal outputted from such a sensor or control
input device. On the other hand, the desire-state converting
means, the first state-equipment converting means and the
first equipment control means are installed in the second ECU
2. In this way, when the sensor or the control input device is
changed, the change of only the first ECU 1 suffices, without
the need of changing the second ECU 2. This configuration is
advantageous when a variety of sensors or control input
devices are desired to be prepared for a plurality of vehicles.

(Third Embodiment)

Referring to FIGS. 8 to 11, hereinafter is described a third
embodiment of the disclosure. The third embodiment is
described focusing on the differences from the first embodi-
ment. FIG. 8 is a schematic diagram illustrating a configura-
tion of an on-vehicle control system according to the third
embodiment. As shown in FIG. 8, the third embodiment is
different from the first embodiment in that an interior fan 8
(hereinafter also just referred to as “fan 8”) is installed in the
vehicle and that the control circuit of the first ECU 1 functions
as an air flow controller 18 or an interior fan controller 19
(hereinafter also just referred to as “fan controller 19”) by
executing a predetermined program in the ROM.

Further, in the third embodiment, the arrangement of the
functional units 11 to 16 in the first and second ECUs 1 and 2
is also different from that of the first embodiment. Specifi-
cally, the first ECU 1 of the present embodiment includes the
amenity controller 12. The second ECU 2 of the present
embodiment includes the amenity request processor 11, inte-
rior temperature controller 13, interior humidity controller
14, air conditioner controller 15 and dehumidifier controller
16.

The fan 8 (corresponding to an example of the second
actuator) is a well-known device that generates air flow in a
vehicle interior by rotating a fan.

FIG. 9 is a diagram illustrating a hierarchical structure of
functions exerted by the amenity request processor 11, ame-
nity controller 12, temperature controller 13, humidity con-
troller 14, air conditioner controller 15, dehumidifier control-
ler 16, humidifier controller 17, air flow controller 18 and fan
controller 19. The functions of the temperature controller 13,
humidity controller 14, air conditioner controller 15 and
dehumidifier controller 16 are the same as those of the first
embodiment.

The amenity request processor 11 functions in the same
manner as in the first embodiment by outputting a signal
indicative ofa user’s desire in response to the signal outputted
from the sensor 3 and the control input device 4. However, in
details, the amenity request processor 11 of the present
embodiment is different from that of the first embodiment.
Specifically, the amenity request processor 11 acquires a sig-
nal (e.g., signal indicating that the “quite cold” button has
been operated) outputted from the control input device 4. At
the same time, the amenity request processor 11 ofthe present
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embodiment outputs a range of a target perceived temperature
as the user’s desire corresponding to the signal.

More specifically, the first ECU 1 has a flash memory (or
ROM of the control circuit) that stores data which correlates
user’s desired perceptions (e.g., desire of feeling “quite cold”
in the vehicle interior) to ranges of perception that meet the
respective user’s desired perceptions. The amenity request
processor 11 acquires a signal (perception) outputted from
the control input device 4 and identifies a range of perceived
temperature corresponding to the perception (perceived tem-
perature that would meet the user’s desire) indicated by the
acquired signal.

The amenity controller 12 functions in a manner substan-
tially similar to the first embodiment. That is, the amenity
controller 12 controls the vehicle interior conditions accord-
ing to the user’s desire indicated by the signal outputted from
the amenity request processor 11. To this end, the amenity
controller 12 calculates target values of the state quantities of
the vehicle (interior temperature and interior humidity) and
outputs the calculated target values to the temperature con-
troller 13 and the humidity controller 14. However, the
present embodiment differs from the first embodiment in that
the user’s desire is provided in terms of a target range of
perceived temperature rather than a target range of tempera-
ture-humidity index.

Another difference of the present embodiment from the
first embodiment is that the amenity controller 12 also calcu-
lates a target value of air speed (corresponding to an example
of'the second state quantity) in the vehicle interior (hereinaf-
ter also referred to as “target air speed”) and outputs the
calculated air speed to the air flow controller 18. The calcu-
lated target air speed is used for controlling the vehicle inte-
rior conditions in conformity with the target perceived tem-
perature range indicated by the signal outputted from the
amenity request processor 11. The details of the amenity
controller 12 of the present embodiment will be described
later.

The air flow controller 18 (corresponding to an example of
the second state-equipment converting means) of the present
embodiment periodically reads and acquires the target air
speed (corresponding to an example of the target value of the
second state quantity) outputted by the amenity controller 12
and stored in the RAM. In order to realize the acquired target
air speed, the air flow controller 18 outputs a control value (air
blow request) for the fan 8 to the fan controller 19. Specifi-
cally, the air flow controller 18 multiplies the target air speed
with a predetermined proportionality coefficient to define a
fan revolution (number of revolutions of the fan 8 per minute).
Then, the air flow controller 18 outputs the defined fan revo-
lution as a control value to the fan controller 19. In this case,
the output of the fan revolution rate is realized by writing the
fan revolution into the RAM of the control circuit.

The fan controller 19 (corresponding to an example of the
second equipment control means) periodically (e.g., onceina
second) reads and acquires the fan revolution (control value)
outputted from (written into the RAM by) the air flow con-
troller 18. Then, the fan controller 19 controls the fan 8 in
conformity with the acquired fan revolution.

Hereinafter, feedback from the air flow controller 18 to the
amenity controller 12 is described. Parallel to the operation
described above, the air flow controller 18 periodically (e.g.,
once in a second) defines a controllable range of the air speed
(corresponding to an example of the second state quantity) in
the vehicle interior suitable for the ability of the fan 8. Then,
the air flow controller 18 carries out a feedback process to
output the defined controllable range of air speed to the ame-
nity controller 12.
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The feedback process carried out by the air flow controller
18 is similar to the one shown in FIG. 4, which is carried out
by the temperature controller 13 or the humidity controller
14. The air flow controller 18 is ensured to start the feedback
process when the second ECU 2 is started. First, at step 110,
the air flow controller 18 determines regulating ability as an
initialization. Specifically, the air flow controller 18 acquires
connected-device information and ability information. The
connected-device information indicates the model name ofan
actuator for controlling vehicle interior air speed, which is
connected to the communication line. The ability information
indicates the level of the air blowing ability of the connected
actuator (fan 8).

In one specific process that may be used for acquiring the
connected-device information and ability information, these
pieces of information are stored in advance in a flash memory
(or ROM of the control circuit) of the second ECU 2 and, read
out. In this case, upon determining the model of the fan 8 to be
installed in the vehicle, connected-device information and
ability information corresponding to the model are stored in
the flash memory (or ROM of the control circuit). The con-
nected-device information stored in the flash memory
includes the model name of the fan 8. Further, the ability
information stored in the flash memory includes information
regarding air speed in the vehicle interior, which can be real-
ized by the fan 8. Alternative to the above, the connected-
device information and ability information may be included
in advance in a program executed by the air flow controller 18.

Alternatively, the air flow controller 18 may make an
inquiry, via the interface circuit of the second ECU 2, regard-
ing the model of the actuator connected to the communication
line for the control of the air speed in the vehicle interior.
Then, the air flow controller 18 may detect, based on the
response to the inquiry, that a specific model of the fan 8 is
connected.

Specifically, the air flow controller 18 may transmit to the
communication line an inquiry signal including data indica-
tive of air speed control. As far as the inquiry signal includes
data indicative of air speed control, the fan 8 may output a
response including information regarding its model to the
second ECU 2. Then, the air flow controller 18 may acquire
the response via the interface circuit, and detect that the fan 8
of the model is connected, based on the model information
included in the acquired response.

The flash memory (or ROM of the control circuit) stores
information regarding the range of air speed that can be
realized, for each model of the fan 8. Thus, the air flow
controller 18 is able to acquire the ability information of the
fan 8 detected as described above.

Alternatively, the air flow controller 18 may make an
inquiry, via the interface circuit of the second ECU 2, regard-
ing the model of the actuator connected to the communication
line for the control of the air speed in the vehicle interior.
Then, the air flow controller 18 may detect, based on the
response to the inquiry, that a specific model of the fan 8 is
connected, and at the same time, may acquire the ability
information of the fan 8 of the model.

Specifically, the air flow controller 18 may transmit to the
communication line an inquiry signal including data indica-
tive of air speed control. As far as the inquiry signal includes
data indicative of air speed control, the fan 8 may output a
response including information regarding its model to the
second ECU 2. In this case, the response should include
information regarding the range of air speed that can be
realized by the model. Then, the air flow controller 18 may
acquire the response via the interface circuit to detect that the
fan 8 of the model is connected, based on the information
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regarding the model and regarding the realizable range of air
speed and, at the same time, define the ability information of
the fan 8 of the model.

Subsequent to step 110, at step 160, a loop of steps 120 to
160 is repeated (e.g., once a second) until controllable range
determination requirements are no longer met. However, in
the present embodiment, control directly proceeds to step
130, omitting step 120. At step 130, the air flow controller 18
determines a controllable range of air speed (corresponding
to an example of the second state quantity) based on the
ability information acquired at step 110. Since the subsequent
steps 140 to 160 are the same as those performed by the
temperature controller 13, explanation is omitted. However,
the output at step 150 corresponds to the controllable range of
the air speed (air speed controllable range) defined at step
130.

In this way, the air flow controller 18 repeatedly defines a
controllable range of air speed in the vehicle interior suitable
for the ability of the actuator (fan 8) connected to the com-
munication line, for the control of the air speed (step 130).
Then, when feedback requirements are met (step 140), the air
flow controller 18 outputs the defined controllable range to
the amenity controller 12 (step 160).

Hereinafter is described a process performed by the ame-
nity controller 12 which obtains feedback from the tempera-
ture controller 13, the humidity controller 14 and the air flow
controller 18. The amenity controller 12 repeatedly (e.g. ata
cycle of one second) executes a process illustrated in a flow
diagram of FIG. 10 to determine a target temperature, a target
humidity and a target air speed based on the feedback.

First, at step 305, the amenity controller 12 acquires a
signal outputted from the amenity request processor 11. In
other words, the amenity controller 12 acquires a signal indi-
cating auser’s perceived temperature range (corresponding to
an example of the user’s desire).

At the subsequent step 310, the amenity controller 12 cal-
culates an interim target value of the interior humidity, an
interim target value of the interior temperature and an interim
target value the air speed, for the purpose of controlling the
interior humidity, interior temperature and interior air speed
of the vehicle in conformity with the perceived temperature
range acquired at step 305. The calculated interim target value
of the interior humidity is referred to as an “interim target
humidity”, the calculated interim target value of the interior
temperature is referred to as an “interim target temperature”
and the calculated interim target value of the interior air flow
is referred to as an “interim target air speed”.

Specifically, the amenity controller 12 refers to data pre-
pared in advance, which correlates “perceived temperature”,
“humidity h”, “temperature t”” and “air speed v”’ in the vehicle
interior. Based on the data, the amenity controller 12 calcu-
lates an interim target humidity of the humidity h, an interim
target temperature of the temperature t and an interim target
air speed of the air speed v so as to fall within the perceived
temperature range acquired from the amenity request proces-
sor 11.

Specifically, the flash memory of the second ECU 2 (or
ROM of the control circuit) stores in advance the following
relation as the data correlating “temperature-humidity
index”, “humidity h”, “temperature t”” and “air speed v":

(Perceived temperature)=37-(37-1)/(0.68-0.0014xk+
1/4)~0.29x1x(1-h/100),
where, A=1.76+1.4xv" "
Using the above relation, the amenity controller 12 deter-
mines an interim target humidity of the humidity h, an interim
target temperature of the temperature t and an interim target
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air speed of the air speed v so as to fall within the perceived
temperature range acquired from the amenity request proces-
sor 11.

More specifically, the amenity controller 12 calculates a
representative value (or a central value, or an upper limit, or a
lower limit) of the perceived temperature range acquired from
the amenity request processor 11. Then, the amenity control-
ler 12 substitutes the representative value into the left-hand
side of the above relation. After the substitution, the amenity
controller 12 determines the humidity h, the temperature t and
the air speed v, which satisfy the relation. Thus, the amenity
controller 12 uses the resultant humidity h as an interim target
humidity, the resultant temperature t, as an interim target
temperature, and the resultant air speed v, as an interim target
air speed.

For example, the amenity controller 12 defines the current
interior temperature of the vehicle based on a signal currently
outputted from the interior temperature sensor as the sensor 3.
Then, the amenity controller 12 calculates a value offset from
the defined interior temperature by a predetermined value
(this value is referred to as “offset temperature”). The offset
value as the temperature t is substituted into the above rela-
tion. Also, any one of predetermined three (or four or more)
different preset air speed values is selected as the air speed v
and substituted into the above relation. Further, the humidity
h is determined so that the above relation is satisfied.

Thus, the amenity controller 12 uses the substituted tem-
perature t and air speed v as an interim target temperature and
aninterim air speed, respectively, and the calculated humidity
h, as an interim target humidity. The offset temperature may
be set in a manner similar to the first embodiment.

A preset air speed value may be selected as follows. Spe-
cifically, if the acquired perceived temperature is less than a
first threshold, a minimum preset air speed value (e.g., air
speed zero) may be selected. If the acquired perceived tem-
perature is equal to or more than the first threshold but less
than a second threshold, an intermediate preset air speed
value may be selected. If the acquired perceived temperature
is equal to or more than the second threshold, a maximum
preset air speed value may be selected. It should be appreci-
ated that the second threshold is larger than the first threshold.

Thus, at step 310, the amenity controller 12 calculates an
interim target humidity, an interim target temperature and an
interim target air speed.

Subsequently, at step 315, the amenity controller 12 rec-
ognizes the latest temperature controllable range outputted
from the interior temperature controller 13. Specifically, the
amenity controller 12 reads the latest temperature control-
lable range that has been stored in the RAM by the interior
temperature controller 13. Then, at step 320, the amenity
controller 12 recognizes the latest humidity controllable
range outputted by the interior humidity controller 14. Spe-
cifically, the amenity controller 12 reads the latest humidity
controllable range stored in the RAM by the interior humidity
controller 14. At the subsequent step 322, the amenity con-
troller 12 recognizes the latest air speed controllable range
outputted by the air flow controller 18. Specifically, the ame-
nity controller 12 reads the latest air speed controllable range
stored in the RAM by the air flow controller 18.

Then, at step 325, the amenity controller 12 determines
whether or not the interim target values (the interim target
temperature, the interim target humidity and the interim tar-
get air speed) calculated at step 310 fall within the respective
controllable ranges acquired at steps 315, 320 and 322.

More specifically, if all of the interim target temperature,
the interim target humidity and the interim target air speed fall
within the respective controllable ranges, the amenity con-
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troller 12 makes an affirmative determination (YES) at step
325 and then control proceeds to step 330. If one or more of
the interim target temperature, the interim target humidity
and the interim target air speed falls out of the controllable
range (for the interim target temperature, the temperature
controllable range; for the interim target humidity, the humid-
ity controllable range; and for the interim target air speed, the
air speed controllable range), the amenity controller 12 makes
a negative determination (NO) at step 325 and then control
proceeds to step 335.

If all of the three interim target values fall within the
respective controllable ranges, the amenity controller 12
determines, at step 330, the interim target temperature is setto
be a target value of the interior temperature of the vehicle
(hereinafter also referred to as “target temperature), the
interim target humidity is set to be a target value of the interior
humidity of the vehicle (hereinafter also referred to as “target
humidity”), and the interim target air speed is set to be a target
value of the interior air speed of the vehicle (hereinafter also
referred to as “target air speed”).

At the subsequent step 340, the amenity controller 12 out-
puts the target values determined at step 330. Specifically, the
amenity controller 12 outputs the target temperature to the
temperature controller 13, the target humidity to the humidity
controller 14, and the target air speed to the air flow controller
18.

If any one of the interim target values falls out of the
controllable range, the amenity controller 12 re-calculates, at
step 335, an interim target temperature, an interim target
humidity and an interim target air speed.

In this case, the following re-calculation processes (P) and
(Q) may be used.

(P) The case where two of the three interim target values
(the interim target temperature, the interim target
humidity and the interim target air speed) fall within the
respective controllable ranges and the remaining one
falls out of the controllable range:

In this case, the amenity controller 12 changes the one
interim target value so as to be equal to the upper limit or the
lower limit of the controllable range, to whichever the one
interim target value is nearer. Then, the amenity controller
substitutes the changed interim target value into the corre-
sponding variable of the above relation (e.g., if the one
interim target value is the interim target temperature, the
variable is the temperature t) and also substitutes the repre-
sentative value of the perceived temperature range defined at
step 310 into the perceived temperature in the relation. Fur-
ther, the amenity controller 12 sets the remaining two vari-
ables (two of the temperature t, the humidity h and the air
speed v) to values within the respective controllable ranges so
that the relation is satisfied. Thus, the amenity controller 12
uses the values of the remaining two variables as the respec-
tive interim target values. In this case, one of the remaining
two variables may be set to the central value of the control-
lable range.

(Q) The case where one of the three interim target values
(the interim target temperature, the interim target humidity
and the interim target air speed) falls within the controllable
range and the remaining two fail to fall within the respective
controllable ranges:

In this case, the amenity controller 12 changes each of the
two interim target values so as to be equal to the upper limit or
the lower limit, to whichever the interim target value is nearer.
Then, the amenity controller 12 substitutes each changed
interim target value into the corresponding variable (e.g., if
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the interim target value is the interim target temperature, the
variable is the temperature t) in the above relation which is
provided again below:

(Perceived temperature)=37-(37-1)/(0.68-0.0014xk+
1/4)-0.29%x1x(1-h/100),

where, A=1.76+1.4x3°7°
Also, the amenity controller 12 substitutes the representative
value of the perceived temperature range defined at step 310
into the perceived temperature in the above relation. Further,
the amenity controller 12 sets the remaining one variable (one
of the temperature t, the humidity h and the air speed v) to a
value within the controllable range so that the relation is
satisfied. Thus, the amenity controller 12 uses the remaining
one variable as the corresponding interim target value.

When one or two of the three interim target values fall out
of'the respective controllable ranges, use of processes (P) and
(Q) can correct the interim target value that falls out of the
controllable range as well as the interim target value that does
not fall out of the controllable range. As a result of the cor-
rection, these interim target values are permitted to fall within
the range in which the vehicle interior conditions can be
controlled according to the user’s desire (to fall within the
perceived temperature range corresponding to “quite cold”).

Thus, the feedback performed by any one of the tempera-
ture controller 13, the humidity controller 14 and the air flow
controller 18 acts on the processing of the remaining two
controllers.

Subsequent to step 335, control proceeds to step 330. At
step 330, the amenity controller 12 determines, as mentioned
above, the interim target temperature as a target temperature,
the interim target humidity as a target humidity, and the
interim target air speed as a target air speed. Then, at step 340,
the amenity controller 12 outputs the target temperature to the
temperature controller 13, the target humidity to the humidity
controller 14, and the target air speed to the air flow controller
18. Thus, the same advantages as those of the first embodi-
ment can be enjoyed.

Further, the amenity controller 12 is provided in the ECU
(first ECU 1) which is separate from the amenity request
processor 11, temperature controller 13, humidity controller
14, air conditioner controller 15 and dehumidifier controller
16. Thus, when the calculation process (i.e. the function of the
amenity controller 12) is ensured to be changeable in deter-
mining a target value of a state quantity reflecting the user’s
desire, the change can be readily made. For example, two
types of amenity controller 12 may be prepared. One is, as in
the first embodiment, the amenity controller 12 that converts
the use’s desire into a target value of a state quantity based on
a temperature-humidity index. The other is, as in the present
embodiment, the amenity controller 12 that converts the
user’s desire into a target value of a state quantity based on a
perceived temperature. In this case, the amenity controller 12
can be cut out and installed in the ECU (first ECU 1) provided
separately from the amenity request processor 11, tempera-
ture controller 13, humidity controller 14, air conditioner
controller 15 and dehumidifier controller 16. Thus, the
change of'the control, i.e. the calculation process in determin-
ing a target value of a state quantity reflecting the user’s
desire, can bereadily realized without requiring the change of
the second ECU 2.

Further, of the two types of amenity controller 12, one may
use both the air flow controller 18 and the fan controller 19,
and the other may use neither of these controllers. In this case,
the former amenity controller 12 may be arranged, as shown
in FIG. 8, in the ECU (first ECU 1) together with the air flow
controller 18 and the fan controller 19. The latter amenity
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controller 12 may be solely arranged, as shown in FIG. 11, in
the first ECU 1. Thus, the second ECU 2 may be commonly
used for all types of vehicles. The former or the latter may be
changed as appropriate by changing the first ECU 1. Such a
configuration is convenient, for example, for different grade
cars, such as standard cars and luxury cars, which commonly
install the second ECU 2.

(Fourth Embodiment)

Referring now to FIGS. 12 to 14, hereinafter is described a
fourth embodiment of the disclosure. The fourth embodiment
is described focusing on the differences from the first embodi-
ment. FIG. 12 is a schematic diagram illustrating a configu-
ration of an on-vehicle control system according to the fourth
embodiment. As shown in FIG. 12, the system of the fourth
embodiment includes, in addition to the configuration of the
first embodiment, a rear air conditioner 9, other than the air
conditioner 5, as an actuator for controlling interior tempera-
ture of the vehicle. Thus, the system of the fourth embodiment
includes arear air conditioner controller 20 for controlling the
rear air conditioner 9.

The rear air conditioner controller 20 allows the rear air
conditioner 9 to take cool air and warm air into the vehicle
interior through an air outlet provided at a rear part of the
vehicle interior. Thus, the rear air conditioner controller 20
mainly controls cooling and heating of the rear vehicle inte-
rior using, the rear air conditioner 9 as an actuator. On the
other hand, the air conditioner controller 15 allows the air
conditioner 5 to take cool air and warm air into the vehicle
interior through an air outlet provided at a front part of the
vehicle interior. Thus, the air conditioner controller 15 con-
trols cooling and heating of the vehicle interior using the air
conditioner 5 as an actuator.

In the present embodiment, arrangement of the functional
units 11 to 16 in the first and second ECUs 1 and 2 is different
from the first embodiment. Specifically, the first ECU 1
includes the temperature controller 13 and the air conditioner
controller 15, while the second ECU 2 includes the amenity
request processor 11, amenity controller 12, humidity con-
troller 14 and dehumidifier controller 16.

Further, the control circuit of the first ECU 1 also functions
as the rear air conditioner controller 20 (corresponding to an
example of the first equipment control means) by executing a
predetermined program in the ROM. In other words, the first
ECU 1 is provided with the rear air conditioner controller 20.

FIG. 13 is a schematic diagram illustrating a hierarchical
structure of the functional units 11 to 20 in the system accord-
ing to the fourth embodiment. The processes performed by
the amenity request processor 11, amenity controller 12, air
conditioner controller 15, humidity controller 14 and dehu-
midifier controller 16 are the same as those of the first
embodiment.

The temperature controller 13 periodically (e.g., once in a
second) reads and acquires a target temperature outputted by
the amenity controller 12 and stored in the RAM. The tem-
perature controller 13 then outputs a control value for the
dehumidifier controller 16 in addition to a control value for
the air conditioner controller 15 in conformity with the
acquired target temperature.

For example, let us discuss the case where the interior
temperature sensor as the sensor 3 functions as a front-tem-
perature sensor and a rear-temperature sensor. In this case, the
temperature controller 13 calculates a controlled temperature
for the air conditioner controller 15 based on a detection value
derived from the front-temperature sensor and a target tem-
perature and outputs the calculated value to the air condi-
tioner controller 15. Further, the temperature controller 13
also calculates a controlled temperature for the rear air con-
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ditioner controller 20 based on a detection value derived from
the rear-temperature sensor and the target temperature and
outputs the calculated value to the rear air conditioner con-
troller 20.

Specifically, regarding the controlled temperature for the
air conditioner controller 15, the temperature controller 13
defines, first, the current front interior temperature based on a
signal outputted from the front-temperature sensor, for com-
parison of the current front interior temperature with the read
target temperature.

Then, in cooling (i.e. when the target temperature is lower
than the current front interior temperature), the temperature
controller 13 calculates a temperature lower than the target
temperature by a predetermined offset temperature. The tem-
perature controller 13 uses the calculated temperature as a
temperature corresponding to a control value for the air con-
ditioner controller 15 (i.e. as a controlled temperature for the
air conditioner controller 15). The offset temperature is set to
a larger value as the absolute value of the difference between
a target temperature and a current front interior temperature
becomes larger. Thus, the vehicle interior temperature more
quickly reaches the target temperature.

Similarly, in heating (i.e. when the target temperature is
higher than the current front interior temperature), the tem-
perature controller 13 calculates a temperature higher than
the target temperature by a predetermined offset temperature.
The temperature controller 13 uses the calculated tempera-
ture as a temperature corresponding to a control value (i.e. as
a controlled temperature). The offset temperature is set to a
larger value as the absolute value of the difference between a
target temperature and a current front interior temperature
becomes larger. Thus, the vehicle interior temperature more
quickly reaches the target temperature. The temperature con-
troller 13 outputs the calculated controlled temperature as a
control value to the air conditioner controller 15.

Regarding the controlled temperature for the rear air con-
ditioner controller 20, the temperature controller 13 defines,
first, the current rear interior temperature based on a signal
outputted from the rear-temperature sensor, for comparison
of the current rear interior temperature with the read target
temperature.

Then, in cooling (i.e. when the target temperature is lower
than the current rear interior temperature), the temperature
controller 13 calculates a temperature lower than the target
temperature by a predetermined offset temperature. The tem-
perature controller 13 uses the calculated temperature as a
temperature corresponding to a control value for the rear air
conditioner controller 20 (i.e. as a controlled temperature for
the rear air conditioner controller 20). The offset temperature
is set to a larger value as the absolute value of the difference
between a target temperature and a current rear interior tem-
perature becomes larger. Thus, the vehicle interior tempera-
ture more quickly reaches the target temperature.

Similarly, in heating (i.e. when the target temperature is
higher than the current rear interior temperature), the tem-
perature controller 13 calculates a temperature higher than
the target temperature by a predetermined offset temperature.
The temperature controller 13 uses the calculated tempera-
ture as a temperature corresponding to a control value (i.e. as
a controlled temperature). The offset temperature is set to a
larger value as the absolute value of the difference between a
target temperature and a current rear interior temperature
becomes larger. Thus, the vehicle interior temperature more
quickly reaches the target temperature. The temperature con-
troller 13 outputs the calculated controlled temperature as a
control value to the rear air conditioner controller 20.
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The output of the controlled temperature for the air condi-
tioner controller 15 or the rear air conditioner controller 20 is
realized by writing the controlled temperature into the RAM
of the control circuit. Alternative to the above configuration
based on the current front and rear interior temperatures,
control may be effected by outputting a controlled tempera-
ture equal to the target temperature.

The rear air conditioner controller 20 (corresponding to an
example ofthe second equipment control means) periodically
(e.g., once in a second) reads and acquires the controlled
temperature (control value) outputted by (written into the
RAM by) the temperature controller 13. Then, the rear air
conditioner controller 20 controls the rear air conditioner 9
using various well-known methods in conformity with, or for
realization of, the acquired controlled temperature.

Thus, the control based on the hierarchical structure of the
disclosure is also applicable to a configuration in which both
of'the air conditioner 5 and the rear air conditioner 9 are used
to cool/heat the front interior and the rear interior, respec-
tively, of the vehicle.

In the present embodiment, the first ECU 1 includes the
temperature controller 13, air conditioner controller 15 and
the rear air conditioner controller 20. Also, the second ECU 2
includes the amenity request processor 11, amenity controller
12, humidity controller 14 and dehumidifier controller 16.

This configuration can facilitate development of the system
when a plurality of models of actuators are available. Let us
take as an example the case where a configuration A and a
configuration B are prepared. The configuration A includes,
as in the present embodiment, both of the air conditioner
(front air conditioner) 5 and the rear air conditioner 9. The
configuration B includes only the air conditioner 5.

In this case, the temperature controller 13 as well as the air
conditioner controller 15 and the rear air conditioner control-
ler 20 one order lower than the temperature controller 13 are
cut out and installed in an ECU, or the first ECU 1, separately
from the amenity request processor 11, amenity controller 12,
humidity controller 14 and dehumidifier controller 16. Thus,
whichever configuration is applied, the configuration is
usable by changing only the first ECU 1 as required. Thus, an
ECU, or the second ECU 2, including the calculation section
(amenity controller 12) of a target temperature (correspond-
ing to an example of the second state quantity) can be com-
monly used.

Specifically, as shown in FIG. 12, when the configuration A
is used, the on-vehicle control system can be installed with
the first ECU 1 that includes the temperature controller 13, the
air conditioner controller 15 and the rear air conditioner con-
troller 20. As shown in FIG. 14, when the configuration B is
used, the on-vehicle control system can be installed with the
first ECU 1 that includes the temperature controller 13 (hav-
ing the same function as that in the first embodiment) and the
air conditioner controller 15 but does not include the rear air
conditioner controller 20.

In other words, the functional units associated with a vari-
ety of actuators are collectively arranged in the first ECU 1,
while the otherwise functional units are collectively arranged
in the second ECU 2. Thus, the second ECU 2 can be com-
monly used in all types of vehicles, while the first ECU 1 can
be developed in conformity with the equipment (actuators) to
be used in the system.

For example, a vehicle of a type may have different equip-
ment depending on its grade or specification (whether or not
the vehicle is based on a cold area specification). In such a
case, the two configurations as set forth above are advanta-
geous.
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(Modifications)

Several embodiments of the disclosure have so far been
described. However, the scope of the disclosure is not limited
to the embodiments described above. The disclosure should
encompass any modes that would realize the functions defin-
ing the disclosure. For example, the following modifications
should be encompassed in the disclosure.

(1) In the embodiments described above, the functional
units 11 to 20 are installed being divided into two ECUs 1 and
2. However, these functional units may be collectively
installed in a single ECU. Alternatively, these functional units
may be installed being divided into three or more ECUs.

(2) In the embodiments described above, hierarchical
structures have been used, which are structured by user’s
desire outputting means (amenity request processor 11),
desired-state converting means (amenity controller 12), state-
equipment converting means (functional units 13, 14 and 18)
and equipment control means (functional units 15, 16,17, 19
and 20). The hierarchical structures have each been applied to
the system having a purpose of conditioning air (purpose of
controlling temperature, humidity, air speed and the like).
However, the hierarchical structures of the on-vehicle control
system of the present disclosure may be applied not only to an
air conditioning system but also to any control system asso-
ciated with vehicles.

For example, the hierarchical structures may be applied to
a system which realizes appropriate cornering when the
vehicle turns a corner by controlling the wheel speed and the
steering angle. FIG. 15 shows an example of the hierarchical
structure applied to such a system, which consists of the
user’s desire outputting means, desire-state converting
means, state-equipment converting means and equipment
control means.

The example shown in FIG. 15 includes a cornering request
processor 31 corresponding to the user’s desire outputting
means, a cornering controller 32 corresponding to the desire-
state converting means, a wheel speed controller 33 corre-
sponding to the first state-equipment converting means, a
steering angle controller 34 corresponding to the second
state-equipment converting means, a power train controller
35 corresponding to the first equipment control means, and a
steering controller 36 corresponding to the second equipment
control means.

In this example, the functional units 31 to 36 may be
realized by having the control circuit of one ECU executed
predetermined respective programs. In other words, these
functional units 31 to 36 may be arranged in a single ECU.
Alternatively, these functional units 31 to 36 may be arranged
being divided into a plurality of ECUs capable of communi-
cating with each other.

Hereinafter, the operations of the functional units 31 to 36
are explained. The cornering request processor 31 outputs a
signal indicative of a user’s desire (manipulated variable of
the steering wheel) in response to a signal outputted from a
steering manipulated variable sensor (corresponding to an
example of a sensor). The steering manipulated variable sen-
sor detects and outputs, as a signal, a manipulated variable of
the steering wheel serving as a manipulation inputting means.

Then, the cornering controller 32 realizes vehicle control in
conformity with the user’s desire (manipulated variable of the
steering wheel) indicated by the signal outputted from the
cornering request processor 31. To this end, the cornering
controller 32 outputs a target value of a wheel speed (first state
quantity) to be generated in the power train to the wheel speed
controller 33. Also, the cornering controller 32 outputs a
target value of a steering angle (second state quantity) of the
steering wheel to the steering angle controller 34.
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Further, the wheel speed controller 33 realizes the target
value of the vehicle speed outputted by the cornering control-
ler 32. To this end, the wheel speed controller 33 calculates a
control value (e.g., drive torque) for the power train (first
actuator) and outputs the calculated value to the power train
controller 35. Further, the power train controller 35 controls
the power train according to the control value (drive torque)
outputted from the wheel speed controller 33.

The steering angle controller 34 realizes the target value of
the steering angle outputted by the cornering controller 32. To
this end, the steering angle controller 34 calculates a control
value (e.g., the steering angle) for the actuator (second actua-
tor) that controls steering angle and outputs the calculated
value to the steering controller 36. Then, the steering control-
ler 36 controls the actuator in question according to the con-
trol value (steering angle) outputted by the steering angle
controller 34.

Then, the wheel speed controller 33 defines a controllable
range of wheel speed suitable for the ability of the power train
and outputs the defined controllable range of wheel speed to
the cornering controller 32. The steering angle controller 34
defines a controllable range of steering angle suitable for the
ability of the actuator that controls steering angle and outputs
the defined controllable range of steering angle to the corner-
ing controller 32.

The cornering controller 32 defines and outputs target val-
ues of a wheel speed and a steering angle, which fall within
the respective controllable ranges of wheel speed and steering
angle. For example, the cornering controller 32 calculates an
interim target wheel speed and an interim target steering
angle based on the user’s desire (manipulated variable of the
steering wheel). When the calculated interim target wheel
speed fails to fall within the controllable range and the cal-
culated interim target steering angle falls within the control-
lable range, the cornering controller 32 corrects the interim
target values. In this case, corrections are made such that
vehicle control is effected in conformity with the user’s
manipulated variable of the steering wheel. Specifically, the
interim target wheel speed is corrected so as to fall within the
controllable range and the interim target steering angle is
corrected so as to fall within the controllable range. Then, the
corrected interim target wheel speed and the interim target
steering angle are outputted as a target wheel speed and a
target steering angle, respectively.

(3) In the embodiments described above, the amenity con-
troller 12 may periodically request output of a controllable
range to the state-equipment converting means 13, 14 and 18.

(4) As set forth in the second embodiment, the on-vehicle
control system of the third and the fourth embodiments may
each include the humidifier 7 as an actuator for controlling the
humidity of the vehicle interior, as well as the humidifier
controller 17 that controls the humidifier 7. In this case, the
humidifier controller 17 may be included in the second ECU
2.

(5) In the embodiments described above, the control input
device 4 is provided with input buttons corresponding to
user’s desired perceptions of coldness/hotness. The desired
perceptions are expressed by “very cold”, “quite cold”,
“cool”, “comfortable”, “warm”, “quite hot”, “hot” and “very
hot”. One of these desired perceptions can be inputted
through the buttons. Alternative to this, the control input
device 4 may be provided with input buttons corresponding to
user’s current perceptions of coldness/hotness. In this case as
well, the current perceptions may be expressed by “very
cold”, “quite cold”, “cool”, “comfortable”, “warm”, “quite
hot”, “hot” and “very hot”. One of these current perceptions
may be inputted using the buttons.
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In the latter case, the amenity request processor 11 may
acquire the user’s current perception from the control input
device 4. Then, the section 11 may define a target tempera-
ture-humidity index range or a perceived temperature range
based on the acquired current perception. Then, the section 11
may output the defined target temperature-humidity index
range or the defined perceived temperature range, as a user’s
desire, to the amenity controller 12. For example, the amenity
request processor 11, if it receives a signal indicating that a
button of “quite cold” has been operated, may operate to heat
the vehicle interior. In this case, the amenity request processor
11 may set a target temperature-humidity index range to a
range larger than the current temperature-humidity index
(which is calculated from the temperature and humidity of the
vehicle interior), or may set a target perceived temperature
range to a range larger than the current interior temperature.

(6) In the embodiments described above, the individual
functions have been realized by having the control circuits of
the first and second ECUs 1 and 2 executed the respective
programs. Alternative to this, these functions may be realized
by hardware (e.g., a circuit configuration programmable
FPGA (field-programmable grid array)) having the functions.

The present invention may be embodied in several other
forms without departing from the spirit thereof. The embodi-
ments and modifications described so far are therefore
intended to be only illustrative and not restrictive, since the
scope of the invention is defined by the appended claims
rather than by the description preceding them. All changes
that fall within the metes and bounds ofthe claims, or equiva-
lents of such metes and bounds, are therefore intended to be
embraced by the claims.

What is claimed is:

1. A control system mounted in a vehicle equipped with at
least one of a sensor and a user’s input device and a first
actuator controlled based on a signal from at least one of the
sensor and user’s input device, the control system compris-
ing:

first output means for outputting information indicative of

auser’s desire depending on the signal from at least one
of the sensor and user’s input device;

second output means for outputting a target value of a first

state quantity for travel of the vehicle, the target value of
the first state quantity being for realizing control of
in-vehicle environment in accordance with the informa-
tion from the first output means:

third output means for outputting a command value for

controlling the first actuator, the command value being
for realizing the target value of the first state quantity
outputted from the second output means; and

first control means for controlling the first actuator based

on the command value outputted from the third output
means,
wherein the third output means is configured to specify a
controllable range for the first state quantity depending
on a capability of the first actuator, and output the speci-
fied controllable range to the second output means, and

the second output means is configured to calculate the
target value of the first state quantity such that the target
value falls into the controllable range outputted from the
third output means.

2. The control system of claim 1, comprising a first ECU
(electronic control unit) and a second ECU communicable
with the first ECU,

wherein the first ECU functionally includes the first output

means, and

the second ECU functionally includes the second and third

output means and the first control means.
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3. A control system mounted in a vehicle equipped with at
least one of a sensor and a user’s input device and a first
actuator and a second actuator both controlled based on a
signal from at least one of the sensor and user’s input device,
the control system comprising:

first output means for outputting information indicative of

auser’s desire depending on the signal from at least one
of'the sensor and user’s input device;

second output means for outputting both a target value of a

first state quantity and a target value of a second quantity
for travel of the vehicle, the target values of the first and
second state quantities being for realizing control of
in-vehicle environment in accordance with the informa-
tion from the first output means:

third output means for outputting a command value for

controlling the first actuator, the command value for
controlling the first actuator being for realizing the target
value of'the first state quantity outputted from the second
output means;

fourth output means for outputting a command value for

controlling the second actuator, the command value for
controlling the second actuator being for realizing the
target value of the second state quantity outputted from
the second output means;

first control means for controlling the first actuator based

on the command value outputted from the third output
means; and

second control means for controlling the second actuator

based on the command value outputted from the fourth
output means,

wherein the third output means is configured to specity a

controllable range for the first state quantity depending
on a capability of the first actuator, and output the speci-
fied controllable range to the second output means,

the fourth output means is configured to specify a control-

lable range for the second state quantity depending on a

capability of the second actuator, and output the speci-

fied controllable range to the second output means, and
the second output means is configured to

calculate both an interim target value for the first state

quantity and an interim target value for the second state
quantity within a range for realizing the control of the
in-vehicle environment in accordance with the informa-
tion from the first output means,

determine whether or not both the interim target values for

the first and second state quantities meet a condition that
the interim target value for the first state quantity is
outside the controllable range of the first state quantity
outputted from the third output means and the interim
target value for the second state quantity is within the
controllable range of the second state quantity outputted
from the fourth output means,
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correct the interim target value for the first state quantity
falls in the controllable range of the first state quantity
and the interim target value for the second state quantity
is still within the controllable range of the second state
quantity when it is determined that the condition is met,
and

output, as the target values for the first and second state
quantities, the corrected interim target values for the first
and second state quantities.

4. The control system of claim 3, comprising a first ECU

(electronic control unit) and a second ECU communicable
with the first ECU,

wherein the first ECU functionally includes the second and
fourth output means and the second control means, and

the second ECU functionally includes the first and third
output means and the first control means.

5. The control system of claim 4, wherein

the first actuator is an air conditioner that controls tempera-
ture in an interior of the vehicle,

the second actuator is a dehumidifier that dehumidifies air
in the interior of the vehicle,

the first state quantity is the temperature in the interior of
the vehicle, and

the second state quantity is humidity in the interior of the
vehicle.

6. The control system of claim 3, comprising a first ECU

(electronic control unit) and a second ECU communicable
with the first ECU,

wherein the first ECU functionally includes the fourth out-
put means and the second control means, and

the second ECU functionally includes the first, second and
third output means and the first control means.

7. The control system of claim 6, wherein

the first actuator is an air conditioner that controls tempera-
ture in an interior of the vehicle,

the second actuator is a dehumidifier that dehumidifies air
in the interior of the vehicle,

the first state quantity is the temperature in the interior of
the vehicle, and the second state quantity is humidity in
the interior of the vehicle.

8. The control system of claim 3, wherein

the first actuator is an air conditioner that controls tempera-
ture in an interior of the vehicle,

the second actuator is a dehumidifier that dehumidifies air
in the interior of the vehicle,

the first state quantity is the temperature in the interior of
the vehicle, and

the second state quantity is humidity in the interior of the
vehicle.



